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Afterglow from GRB 070610/Swift 
J195509.6+261406: an explanation using the 
fireball model 
KONG SiWei & HUANG YongFeng†  
Department of Astronomy, Nanjing University, Nanjing 210093, China 
GRB 070610, which is also named Swift J195509.6+261406, is a peculiar Galactic 
transient with significant variability on short timescales in both X-ray and optical 
light curves. One possible explanation is that GRB 070610/Swift J195509.6 + 261406 
is a soft gamma-ray repeater (SGR) in our Galaxy. Here we use the fireball model 
which is usually recognized as the standard model of gamma-ray burst (GRB) af-
terglows, and the energy injection hypothesis to interpret the X-ray and optical 
afterglow light curves of GRB 070610/Swift J195509.6 + 261406. It is found that the 
model is generally consistent with observations. 
gamma ray bursts, soft gamma ray repeaters 
1 Introduction 
GRB 070610 was detected at 20:52:26 UT on 2007 June 
10 by the Burst Alert Telescope (BAT) onboard the Swift 
satellite[1] and was located at the position of α = 19h 55m 
13.1s , δ = +26° 15' 20'' (J2000.0), with a 90% contain-
ment radius of 1.8'[2]. This location is just 1 degree away 
from the Galactic plane. The BAT data shows that this 
event is consisted of a single peak, with the duration 
being T90 = 4.6±0.4 s[2]. 
Due to an Earth limb constraint, the satellite did not 
slew to the BAT position promptly and the X-Ray Tele-
scope (XRT) began observing the GRB 070610 field 3.2 
ks after the BAT trigger[3]. A variable point-like source 
was detected by XRT in the BAT error circle[3]. The be-
havior of the XRT light curve is obviously different 
from that of a typical gamma-ray burst (GRB) X-ray 
afterglow. The flux of the XRT light curve is almost 
constant and shows no obvious descent until very late 
time. Furthermore, there are many flares in the XRT 
light curve. The most dramatic flare appears very late (t 
~ 7.86 ×104 s) and brightens by a factor of ~ 100 during 
a timescale of ∆t/t ～ 10 - 4[4]. 
Optical observations in the BAT error circle had also 
been done by various astronomers[5-8]. A new variable 
source was found at the location of the burst. The overall 
optical light curve shows strong flaring activities[4, 6, 9, 10] 
and is very different from the optical afterglow of a typ-
ical GRB. 
These unusual behaviors in both the X-ray and optical 
light curves, together with the fact that the location of 
the burst is in the Galactic plane, suggest that GRB 
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070610 may not be a classical GRB, but should be a 
Galactic transient[7]. So GRB 070610 is re-named as 
Swift J195509.6 + 261406. 
One possible explanation is that Swift J195509.6 + 
261406 is a soft gamma-ray repeater (SGR)[4, 9, 10]. SGRs 
are a special type of γ-ray transient sources with soft 
spectra and unpredictable recurrences[11]. They are 
thought to be produced by young neutron stars with ex-
tremely high magnetic fields, which are named mag-
netars[12]. A typical SGR burst emits a huge amount of 
energy of about 1039 – 1041 ergs in just several hundred 
milliseconds. Similar to GRBs, such a huge energy re-
lease within a small volume and on the short timescale 
will inevitably produces a fireball. So the fireball model 
may be a reasonable explanation for the afterglow of 
SGR bursts[13]. 
In this paper, we use the fireball model to reproduce 
the unusual X-ray and optical afterglow light curves of 
GRB 070610/Swift J195509.6 + 261406. The outline of 
our paper is as follows. We introduce our model in Sec-
tion 2, and present our numerical results and the fit to 
observations in Section 3. Section 4 presents our con-
clusions and discussion. 
 
2 Model 
In the standard fireball model, the outflow of a GRB, 
which moves relativistically, interacts with the sur-
rounding medium to form an external shock. A constant 
fraction εe of the shock energy will be transferred to the 
swept-up electrons and accelerate them to relativistic 
velocities. Similarly, a constant fraction εB of the shock 
energy will go to the magnetic field. The 
shock-accelerated relativistic electrons move in the 
magnetic field and emit synchrotron radiation. The re-
sulting spectrum and light curve can be approximated as 
simple broken power-law functions. 
We use the convenient equations developed by Huang 
et al.[14―17] to describe the dynamics of the outflow. The 
evolution of the bulk Lorentz factor γ, the shock radius R, 
and the swept-up medium mass m, is described by three 
differential equations, 
( )
2
ej
d 1
d 2 1m M m m
γ γ
ε ε γ
−
= −
+ + −
              (1) 
( )2d 1dR ct β γ γ γ= + −                      (2) 
( )2d 2 1 cos
d p
m R nm
R
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where mp is the mass of proton, Mej is the initial mass of 
the outflow, θ is the half opening angle of the jet, n is the 
number density of the environment, and 
2 1 /β γ γ= − . ε is the radiative efficiency, which 
equals 1 for the highly radiative case, and equals 0 in the 
adiabatic case. Since the ejecta becomes adiabatic sev-
eral hours after the trigger, in this paper we assume the 
fireball is completely adiabatic all the time, so that ε = 0. 
In the simplest case, the interstellar medium (ISM) 
should be homogeneous. So, we take the number density 
n of the circum-burst environment as a constant value. 
In our calculations, we assume that the emission 
mainly comes from the synchrotron radiation of the 
shocked electrons. The equal arrival time surface (EATS) 
effect [18] is considered in our work. We ignore the side-
ways expansion of the jet, because many numerical si-
mulations indicate that it is a very slow process[19―21]. 
The most attractive feature of the X-ray and optical 
light curves of GRB 070610/Swift J195509.6 + 261406 
is the presence of many dramatic flares. As mentioned 
above, the light curve produced by a standard fireball is 
usually a smooth broken power-law function. So the 
standard fireball model itself can not describe these 
flaring behaviors. We suggest that these flares should be 
associated with some sudden energy injections of the 
central engine. Here, we will mainly concentrate on the 
overall afterglow behavior. For simplicity, we approxi-
mate those discrete energy injections as a continuous 
energy supply to the fireball that lasts for about two days. 
The injection power is assumed to take the form 
inj
start end
d
     for     
d
qE Qt t t t
t
= < < ,            (4) 
where Q  and q is constant, tstart is the beginning time 
of the energy injection, and tend is the ending time of the 
energy injection. So the evolution of the bulk Lorentz 
factor γ now should be calculated from 
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3 Numerical results 
In this section we use the model described above to re-
produce the observed light curves of GRB 070610/Swift 
J195509.6 + 261406. In our calculation, we choose the 
parameters as θ = 0.12 radian, the isotropic equivalent 
kinetic energy of the explosion E0 = 1.0×1042 ergs, εe = 
0.13, εB = 0.017, the electron energy distribution pow-
er-law index p = 2.1, n = 1.0 cm-3, Q  = 3.8×1036, q = 
0, tstart = 3.2×103 s, tend = 2.0×105 s, and the luminosity 
distance of the source DL = 5.0 kpc. The observed X-ray 
and optical light curves of GRB 070610/Swift 
J195509.6+261406 and our best fit are illustrated in 
Figures 1 and 2 respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Our best fit to the X-ray light curve of GRB 070610/Swift 
J195509.6 + 261406. The dots are observed data[10] and the solid line is our 
theoretical curve. 
 
In Figure 1, we can see that there are many flares in 
the X-ray light curve of GRB 070610/Swift J195509.6 + 
261406. One possible explanation is that these flares are 
associated with many separated and instantaneous en-
ergy injections from the central engine. The detailed 
mechanism for these flares is not the goal of this study, 
but a preliminary modeling can be found in Xu & 
Huang’s work[22]. We have approximated these separated 
and instantaneous energy injections as one continuous 
and constant (q = 0) energy injection in our work to de-
scribe the general behavior of the light curve. It is clear 
that our model can reproduce the general features of the 
X-ray light curve very well. It suggests that the general 
afterglow could be produced by external shocks, just as 
in classical GRBs. 
Figure 2 presents our theoretical I-band afterglow 
light curve for GRB 070610/Swift J195509.6 + 261406, 
together with the observed I-band flares. Note that ob-
servationally, people have only found flares in I-band, 
but not persistent optical afterglow. Our theoretical light 
curve is generally below the observed points, thus does 
not conflict with observations. In fact, the Galactic ex-
tinction in the direction of GRB 070610/Swift 
J195509.6 + 261406 is as large as AI = 6.384 mag[23]. If 
the extinction is taken into account, then the theoretical 
lightcurve should be further shifted downward by 6.384 
mag. This may explain why that people could only see 
the bright optical flares, but could not detect the persis-
tent optical afterglow.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Calculated I-band afterglow light curve of GRB 070610/Swift 
J195509.6 + 261406 and the observed optical flares. The dots are observed 
data[10] and the solid line is our theoretical curve. 
 
4 Conclusion and discussion 
GRB 070610/Swift J195509.6 + 261406 is a special 
transient. Many models have been suggested to explain 
the nature of the source[4, 9, 10, 22]. One possibility is that 
the source is a bursting pulsar like GRO J1744-28[24, 25].  
But the lack of further gamma-ray detections is a diffi-
culty for this possibility. Another explanation is that the 
source is a fast X-ray novae like the black hole candi-
date V4641 Sgr[26]. But again we lack the further radio 
and gamma-ray detections. The optical property of GRB 
070610/Swift J195509.6+261406 is also different from 
that of V4641 Sgr. 
The hypothesis that this source is a new SGR is also 
possible. Huang, Dai & Lu[13] have suggested that the 
fireball model can describe the general behaviors of 
SGR afterglows satisfactorily. For the curious flares in 
the light curves, we believe that they are associated with 
many separated and instantaneous energy injections 
from the central engine. These energy injections may 
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come from the falling of some planet fragments onto the 
central compact star. The collision between these frag-
ments and the central compact star will produce the 
flares via cyclotron radiation.[22] At the same time, a 
fraction of the collision energy will be injected into the 
external shock. 
We have used the fireball model, together with a con-
tinuous energy injection process, to reproduce the ob-
served light curves of GRB 070610/Swift J195509.6 + 
261406 numerically. The isotropic equivalent kinetic 
energy of the explosion used in our modeling is E0 = 1.0
×1042 ergs. This is a typical value for SGR bursts. The 
total injected energy is about 7.5×1041 ergs, almost 
equals to E0. Other parameter values, such as θ, εe, εB, p, 
are all typical in the standard fireball model. 
If GRB 070610/Swift J195509.6 + 261406 is indeed a 
SGR, then it is the first SGR detected with optical flares. 
The multi-band observational data of SGRs will advance 
our studies on their properties. But the low Galactic 
latitude of this event prevents us from detecting any per-
sistent optical afterglow. In the future, there will be more 
and more detailed and long time multi-band observa-
tions of SGRs. The nature of SGRs will be completely 
understood finally. 
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